Introduction {#sec1}
============

The human cornea has positive spherical aberration because it focuses peripheral light anterior to the point of convergence for rays traced through the center.[@bib1] With age, positive spherical aberration increases, and, accordingly, mesopic contrast sensitivity decreases. In such an eye, implantation of a traditional spherical intraocular lens (IOL) will add the positive spherical aberration, and despite the superior clarity of the IOL, it may not improve mesopic functional acuity contrast in phakic eyes.[@bib2] To balance positive spherical aberration of the cornea, commercially available aspherical IOLs present different amounts of spherical aberration.[@bib3]

New aspherical IOL designs such as Akreos Advanced Optic (Akreos AO; Bausch & Lomb, Inc., Rochester, New York, USA) are considered aberration-free because their anterior and posterior prolate surfaces generate, theoretically, no negative spherical aberration.[@bib3]

In this study, we tried to compare two commonly used aspherical IOLs (Akreos AO vs Kontur AB Medicontur Medical Engineering LTD, Zsámbék, Hungary) for postoperative objective and subjective visual function (aberrometric and contrast sensitivity results).

In order to enhance post-operative visual function of our patients, we tried to find out the IOL which results in better postsurgical visual and optical outcomes. It is notable that we found no previous report about visual performance of Kontur AB IOL in scientific databases.

Methods {#sec2}
=======

Seventy eyes of 35 patients with diagnosis of bilateral senile cataract grade III or more (according to LOCS criteria[@bib4]) were included in this comparative interventional study after receiving ethical consent. Exclusion criteria were axial length \>24.9 mm or \<22.5 mm, corneal astigmatism \>1.50 diopter, any history of ocular pathology including opaque or irregular cornea, dry eye, amblyopia, glaucoma, and retinal disorders. There were also postsurgical exclusion criteria including any postoperative complication, postoperative best corrected visual acuity (BCVA) less than 20/30 (0.18Log MAR), IOL tilt or decentration, and not taking part in follow up sessions. A complete preoperative examination was performed including dilated funduscopy and slit lamp evaluation, measuring of axial length by Lenstar (Haag Streit, USA), and intraocular pressure (IOP) evaluation by Goldmann applanation tonometer. Patients were randomly allocated Akreos AO (Akreos AO, Bausch & Lomb, Inc) or Kontur AB IOLs to each eye. An expert surgeon performed a standard phaco chop phacoemulsification technique. Each IOL was implanted in an interval of about one month. [Table 1](#tbl1){ref-type="table"} shows the specification of each study lens.

Preoperatively and 1 and 3 months postoperatively, all patients were evaluated and BCVA in 4 m and 40 cm was assessed by near and distance ETDRS acuity charts.

One and 3 months postoperatively, photopic and mesopic (chart luminance: 85 cd/m^2^ and 3.0 cd/m^2^ respectively) contrast sensitivity was evaluated by CSV1000E chart (Vector Vision Inc., Dayton, Ohio, USA). Test distance was 2.5 m, and the results were recorded as log~10~contrast.

Aberrometric findings were recorded 1 and 3 months postoperatively. Pupils were dilated with tropicamide 1.0%, and root mean square (RMS) and spherical aberration (z4) were measured by Technolas aberrometer (Zyoptix system; Bausch & Lamb, USA) for 5 and 6 mm pupil.

Depth of focus was another factor which was compared between eyes. To measure this factor, we corrected distance refractive error and measured visual acuity (in Log MAR) for intermediate (1 m) and near (33.0 cm) distances without incorporating any addition.[@bib3]

We also used a visual quality questionnaire which was previously used by Tester et al[@bib5] to compare postoperative quality of vision for two lenses.

Statistical analysis {#sec2.1}
--------------------

SPSS statistical software (version 18.0, SPSS, Inc, Chicago, Illinois, USA) was used for statistical analysis. Non parametric Wilcoxon paired t-test was applied for comparisons between the two groups. For all results, p \< 0.05 was considered significant.

Results {#sec3}
=======

Seventy eyes of 35 patients were enrolled in this study. The mean age of patients was 60.97 years ± 7.00 (SD) (range: 49--72 years). All patients were attended in 1 and 3 months follow up after surgery.

There was no significant difference in IOP, axial length, and keratometry between the two groups ([Table 2](#tbl2){ref-type="table"}).

Before surgery and 1 and 3 months postsurgery, mean BCVA and mean spherical equivalent of refractive error were not significantly different between the 2 groups ([Table 2](#tbl2){ref-type="table"}).

Three months postsurgically, photopic contrast sensitivity was significantly different between the 2 eyes in high spatial frequencies (18 cycles/deg) (p = 0.034). There was no statistically significant difference between the 2 groups in other spatial frequencies (p \> 0.05 for all). One month after surgery, in mesopic condition, mean contrast sensitivity (in 6 cycles/deg) in eyes implanted with Akreos AO was significantly better than Kontur AB (p = 0.002), but there was no difference in other spatial frequencies and in 3 months postsurgery (p \> 0.05 for all).

[Fig. 1](#fig1){ref-type="fig"}(A--D) shows photopic and mesopic contrast sensitivity changes in 2 groups, 1 and 3 months postoperatively.

Aberrometric parameters (spherical aberration or Z(4,0), total RMS and HoRMS) was also compared between the two groups for 5 and 6 mm pupil. Results showed that there was no significant difference between groups for aberrometric parameters (p \> 0.05 for all, [Table 3](#tbl3){ref-type="table"}). Also, mean undilated pupil size was not significantly different between the two groups (p = 0.658) (3.37 mm ± 0.64 in Akreos AO vs 3.38 mm ± 0.66 in Kontur AB groups.)

Depth of focus was the other parameter which was compared between eyes implanted with Akreos AO and Kontur AB. [Table 4](#tbl4){ref-type="table"} shows no significant difference for distance-corrected intermediate and near visual acuity, 1 and 3 months postoperatively.

Subjective reports of visual disturbances and light-induced complications of two lenses, 3 months postsurgery are given in [Table 5](#tbl5){ref-type="table"}.

Discussion {#sec4}
==========

Spherical and aspherical IOL designs have been compared in previous studies.[@bib3], [@bib6], [@bib7]

The results show that mesopic contrast sensitivity and quality of vision can be improved by incorporating aspheric designs.[@bib7] On the other hand, comparing aspherical IOL designs, Johansson and associates[@bib2] showed that the higher perceived quality of vision (with the Akreos AO IOL in their study) could be because of differences in depth of field, IOL material, or IOL design.

Our study was performed to compare quality of vision after implantation of two commonly used IOLs with aspheric designs and hydrophilic acrylic which were both claimed to be aberration free. Akreos AO is a well-known IOL, and previous studies have evaluated and compared it with other IOLs.[@bib3], [@bib6], [@bib8] We also assessed another aspherical IOL (Kontur AB), which to our knowledge, no study has been conducted on its performance. For minimization of the effects of factors other than the IOLs, such as ocular dominance or refractive deviations, which could affect the outcomes, we implanted each lens in each eye of one patient.[@bib2]

Santiago and associates[@bib3] showed that aspherical Akreos AO IOL, induced lower values of spherical aberration, more patient satisfaction, better performance in the mesopic contrast sensitivity test and similar depth of focus compared with the spherical IOL Akreos Fit (study IOLs).

According to our findings, 3 months postoperatively in relation to 1 month postoperatively, photopic and mesopic contrast sensitivity was increased in both eyes. Three months postoperatively, Akreos photopic contrast sensitivity in high spatial frequencies (18 cycles/deg) was significantly better than Kontur AB, which was in coordination with BCVA.

Like previous studies we used aberrometric analysis as a determinant of postoperative visual function.[@bib1], [@bib2], [@bib3], [@bib6], [@bib7], [@bib9], [@bib10], [@bib11], [@bib12], [@bib13], [@bib14], [@bib15], [@bib16], [@bib17], [@bib18], [@bib19], [@bib20], [@bib21], [@bib22], [@bib23], [@bib24], [@bib25], [@bib26], [@bib27] Santiago and associates[@bib3] in their study found that eyes implanted with the aspherical IOL Akreos AO showed lower values of spherical aberration and improved contrast sensitivity compared with eyes implanted with the spherical IOL Akreos Fit. By comparing HoRMS, total RMS and Z4 between two eyes (for 5 and 6 mm pupil), we found no significant difference between two lenses, but these factors were decreased 3 months postoperatively in comparison with 1 month postoperatively, which were in relation with postoperative BCVA and contrast sensitivity.

According to previous studies,[@bib7] aspherical IOLs can decrease depth of focus (DoF) and worsen distance-corrected near vision by eliminating spherical aberration that a higher amount of spherical aberration results in a better DoF.[@bib3] In our study, we compared postoperative DoF for two aspherical IOLs. This factor is an important factor in postoperative patient satisfaction. Kontur AB and Akreos AO are considered aberration-free because their anterior and posterior prolate surfaces generate, theoretically, no negative spherical aberration compensate for the positive spherical aberration of the cornea,[@bib2], [@bib16] so there is a higher amount of spherical aberration in the optical system. It seems that there will be no significant reduction of depth of focus with that value of spherical aberration.[@bib3] In our work, we incorporated Santiago and associates\' technique[@bib3] in which distance-corrected near and intermediate visual acuity were studied as a measurement of depth of focus. Our results showed no significant difference between the two lenses at 1 and 3 months postoperatively.

Also according to results of questionnaire of visual quality, 3 months after surgery more than 75% of patients in both groups had no visual disturbances and light-induced problems.

Obviously, comprehensive studies with larger sample sizes, considering interfering factors in patient satisfaction, can result in a better comparison of these IOLs.

In summary, we concluded that visual quality of Akreos AO and Kontur AB IOLs are similar, and both lenses have the same postoperative patient satisfaction. However, high spatial frequency mesopic and photopic contrast sensitivity and aberrometric findings of Akreos AO are more acceptable.
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![Comparison of contrast sensitivity changes between 2 groups.](gr1){#fig1}

###### 

Specifications of study lenses.

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Lens type   Lens material                             Power range: Total diameter   Optical diameter   Haptic design    Angulation   A-constant   Optic                                 PCO protection
  ----------- ----------------------------------------- ----------------------------- ------------------ ---------------- ------------ ------------ ------------------------------------- -------------------------------------------
  Akreos AO   Hydrophil acrylic (26.0%water content)    0.0 to +15.0: 11.0 mm\        6.0 mm             4 closed loops   0°           118.0        Aberration-free, biconvex, aspheric   360° anti PCO berrier, square edge design
                                                        +15.5 to +22.0: 10.7 mm\                                                                                                          
                                                        +22.5 to +30.0: 10.5 mm                                                                                                           

  Kontur AB   Hydrophil acrylic (26.0%water content))   0.0 to +15.0: 11.0 mm\        6.0 mm             4 closed loops   0°           118.0        Aberration-free, biconvex, aspheric   360° Special square edge
                                                        +15.5 to +22.0: 10.7 mm\                                                                                                          
                                                        +22.5 to +35.0: 10.5 mm                                                                                                           
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

PCO: Posterior capsule opacity.

###### 

Demographic data.

                             Akreos AO         Kantur AB       *p*-value      
  -------------------------- ----------------- --------------- -------------- -------
  IOP (mmHg)                 Preoperative      17.49 ± 2.16    17.46 ± 2.15   0.956
  Axial length (mm)          Preoperative      23.31 ± 0.45    23.35 ± 0.04   0.654
  Keratometry (D)            Preoperative      43.39 ± 0.96    43.28 ± 1.01   0.630
  1 month post-op            43.63 ± 0.95      43.58 ± 1.06    0.836          
  3months post-op            43.38 ± 1.06      43.48 ± 1.10    0.70           
  BCVA (LogMAR)              Preoperative      0.52 ± 0.18     0.51 ± 0.13    0.793
  1 month post-op            0.08 ± 0.07       0.08 ± 0.054    0.98           
  3 months post-op           0.053 ± 0.045     0.051 ± 0.041   0.77           
  Spherical equivalent (D)   1 month post-op   0.07 ± 1.37     0.11 ± 1.20    0.65
  3 months post-op           −0.06 ± 1.10      0.04 ± 1.07     0.793          

D: Diopters, BCVA: Best corrected visual acuity, IOP: Intraocular pressure.

###### 

Mean ± SD of HoRMS, total RMS and Z~4~ (μm) in two groups, 1 and 3 months postoperatively.

                     Pupil size        Akreos AO     Kantur AB     *p*-value     
  ------------------ ----------------- ------------- ------------- ------------- -------
  HoRMS              1 month post op   5 mm          0.31 ± 0.05   0.31 ± 0.04   0.626
  6 mm               0.57 ± 0.08       0.55 ± 0.07   0.758                       
  3 months post op   5 mm              0.30 ± 0.04   0.30 ± 0.04   0.937         
  6 mm               0.58 ± 0.08       0.57 ± 0.09   0.525                       
  Total RMS          1 month post op   5 mm          1.67 ± 0.27   1.71 ± 0.26   0.113
  6 mm               2.79 ± 0.40       2.94 ± 0.37   0.104                       
  3 months post op   5 mm              1.43 ± 0.26   1.54 ± 0.26   0.094         
  6 mm               2.55 ± 0.39       2.72 ± 0.37   0.054                       
  Z (4,0)            1 month post op   5 mm          0.23 ± 0.05   0.24 ± 0.07   0.483
  6 mm               0.43 ± 0.09       0.43 ± 0.11   0.962                       
  3 months post op   5 mm              0.22 ± 0.05   0.23 ± 0.06   0.26          
  6 mm               0.40 ± 0.09       0.41 ± 0.11   0.787                       

###### 

Mean distance-corrected visual acuity (LogMAR).

                     Akreos AO      Kantur AB     *p*-value     
  ------------------ -------------- ------------- ------------- -------
  1 month post-op    Intermediate   0.49 ± 0.12   0.52 ± 0.15   0.354
  Near               0.65 ± 0.20    0.69 ± 0.21   0.444         
  3 months post-op   Intermediate   0.46 ± 0.12   0.49 ± 0.13   0.418
  Near               0.60 ± 0.18    0.65 ± 0.18   0.276         

###### 

Subjective reports of visual complications 3 months post-surgery.

  Visual disturbances            Akreos AO   Kantur AB                                        
  ------------------------------ ----------- ----------- ------ ------ ------- ------- ------ ------
  Light induced glare            85.7%       14.3%       0.0%   0.0%   77.2%   22.8%   0.0%   0.0%
  Unwanted images                88.6%       11.4%       0.0%   0.0%   82.9%   17.1%   0.0%   0.0%
  Increased eye sensitivity      85.7%       14.3%       0.0%   0.0%   77.2%   22.8%   0.0%   0.0%
  Driving in to sunset-sunrise   85.7%       14.3%       0.0%   0.0%   85.5%   14.3%   0.0%   0.0%
  Bright sunny day at noon       85.7%       14.3%       0.0%   0.0%   80.0%   20.0%   0.0%   0.0%
  Brightly lit environment       85.7%       14.3%       0.0%   0.0%   80.0%   20.0%   0.0%   0.0%
  Oncoming headlight at night    85.7%       14.3%       0.0%   0.0%   77.2%   22.8%   0.0%   0.0%
